In this study, a standardized experimental set-up with various combinations of herbs as odor sources was designed. Two training approaches for sniffer dogs were compared; first, training with a pure reference odor, and second, training with a variety of odor mixtures with the target odor as a common denominator. The ability of the dogs to identify the target odor in a new context was tested. Six different herbs (basil, St. John's wort, dandelion, marjoram, parsley, ribwort) were chosen to produce reference materials in various mixtures with (positive) and without (negative) chamomile as the target odor source. The dogs were trained to show 1 of 2 different behaviors, 1 for the positive, and 1 for the negative sample as a yes/no task. Tests were double blind with one sample presented at a time. In both training approaches, dogs were able to detect chamomile as the target odor in any presented mixture with an average sensitivity of 72% and a specificity of 84%. Dogs trained with odor mixture containing the target odor had more correct indications in the transfer task.
Introduction
The use of sniffer dogs has a long history and a wide variety of applications has been developed such as the detection of explosives and land mines (Gazit and Terkel 2003; Habib 2007; Lazarowski and Dorman 2014) , the detection of drugs (Lorenzo et al. 2003) , or the search for missing people (Jones et al. 2004) . Dogs are used in the field of environmental and animal conservation (Arner et al. 1986; Wasser et al. 2009; Kerley 2010) or the elimination of pests, such as rodents (Gsell et al. 2010) or screwworms (Welch 1990 ). In dairy research, dogs have been trained to identify estrus-specific odors in different body fluids (Kiddy et al. 1978; Fischer-Tenhagen et al. 2011 ).
There is some evidence that dogs are able to identify cancer-specific odors in breath, blood, and urine samples of cancer patients. Some studies reported high sensitivities (71-99%) and specificities (78-98%) (McCulloch et al. 2006; Buszewski et al. 2012; Ehmann et al. 2012; Horvath et al. 2013) while others described discouraging test characteristics (sensitivities: 3-71% and specificities: 8-53%) and discussed the ability of dogs to identify cancer more critically (Willis et al. 2004; Gordon et al. 2008; Amundsen et al. 2014; Elliker et al. 2014 ). These controversial results of studies on cancer diagnostic with dogs led us to the question if and how dogs can identify a common odor (e.g. a lung cancer biomarker) in a group of samples (e.g. breath samples). Breath samples are complex mixtures of varying composition affected by the oral microflora, or dietary and smoking habits (Angle et al. 2016) . The human volatilome (the entire set of volatile organic compounds) is released through breath, saliva, skin secretion, milk, blood, milk, urine, and feces . Amann et al. (2014) reported that the human volatilome consists of more than 1000 compounds. It is still unknown if cancer patients release a specific disease-associated odor.
Variability in test results in sniffer dog studies on cancer odor could also be due to the capability of individual dogs or breeds as well as the training and test methods. In a systematic review (Johnen et al. 2013) , the average number of dogs of sniffer dog studies was 4.6 dogs. With such limited sample size, it is difficult to establish difference between breeds. Although the description or discussion of training methods in sniffer dog studies is limited and sometimes flawed (Helton 2009; Johnen et al. 2013) , there seems to be a consensus that dog training should be based on positive reinforcement. Walker et al. (2006) demonstrated that training methods based on positive reinforcement had significant advantages over those based on aversive methods. In their study, dogs trained with positive reinforcement were able to detect n-amyl-acetate with a 30-to 20 000-fold lower threshold compared to a study that utilized electro shocks and water deprivation.
The target odor in the training material is crucial for sniffer dog training. Training materials should contain the respective substance as pure as possible (Lazarowski and Dorman 2014) . This may be problematic if the substance is dangerous (e.g. explosives) or illegal (such as drugs) or unknown (e.g. cancer). Attempts to use chemically similar, but safe and legal substitutes for dog training were not yet successful (Lazarowski and Dorman 2014; Rice and Koziel 2015) . Usually, dogs have to detect the target odor in mixtures of other odors due to impurity, potentially masking substances, or ambient odors. Improvised explosive devices are another challenge for detection dogs (Furton and Myers 2001) . These bombs can hold all sorts of potentially explosive substance mixtures. Thus, it would be useful to have a reproducible odor model to test the influence of mixtures of odors on the detection performance of sniffer dogs.
In medical research, sniffer dogs have been used for detecting odors of substances that are associated with physiological or pathological conditions such as, cancer or pathogens. In these studies, the dogs are supposed to identify the target odor in question by means of discrimination. To train this discrimination task, samples, which are assumed to include the target odor, are presented to the dog with an immediate reward. Control samples presumably not carrying the target odor remain unrewarded. It is assumed that dogs can pick up the common odor in the target samples. The number of samples needed for an effective discrimination training is unknown (Willis et al. 2010 ) and may depend on the complexity of the target odor. Furthermore, it is unknown how mixtures of odors effect the perception of odors by the dog (Lazarowski and Dorman 2014) . We therefore propose a standardized and reliable odor model that would allow studying the assumption that dogs can discriminate a common denominator in different samples and that would help to find the suitable number of samples needed for training.
There is sufficient knowledge on the neuroanatomical and physiological process of sniffing (Craven et al. 2007) . Unfortunately, it is unknown how dogs experience and remember the odor of a target. Dogs trained to detect landmines seem to use many of the contamination, degradation, and other products which occur naturally in trinitrotoluene (TNT). The actual odor or odors used by any particular dog to detect a mine, however, is unknown and cannot be predicted from the training program (Göth et al. 2003) .
Therefore, the objective of this study was to design a standardized experimental set-up with various combinations of herbs as odor sources. This study design should reflect 2 different discrimination approaches for sniffer dogs. In one approach, we trained dogs with a single target odor and then tested their ability to identify it in mixtures with other odors ("single herb" group). In the second approach, we trained the dogs with multiple mixed odors including the target odor as the common odor component ("herb mixture" group). We then tested the ability to identify the target odor when presented via samples designed for the respective other group. We wanted to compare the detection performance of dogs trained with these 2 approaches on the ability to transfer a trained target odor to different discrimination tasks.
Materials and methods

Herb reference materials
Seven herbs were selected in dried pharmaceutical quality. Chamomile (Matricaria chamomilla), St. John's wort (Hypericum perforatum), and ribwort (Plantago lanceolata) were obtained from Weltecke GmbH (Hamm, Germany), dandelion (Taraxacum officinale) was obtained from Bombastus Werke AG (Freital, Germany), basil (Ocimum basilicum), marjoram (Origanum majorana) and parsley (Petroselinum crispum) were obtained from Caesar & Loretz GmbH (Hilden, Germany). Each herb was passed separately through a 2-mm sieve without any grinding. The fraction below 2 mm was then screened using a 1-mm sieve. The respective fractions below 1 mm were stored in closed 1 L amber glass bottles at ambient temperature in the dark. Sieves were cleaned after each use through flushing with water followed by heating at 120 °C for 4 h. These 7 herbs were used for the production of 2 sets of reference materials for each of both groups "single herb" and "herb mixture". Positive materials contained pure chamomile as the source of the target odor. The negative materials were mixtures of 4 out of 6 other herbs (without chamomile) but were free of the target odor. For the "single herb" group (Figure 1 ), 10 identical positive and 10 negative materials were created. For this mixture, 10 g of each of the 6 herbs were mixed and homogenized in a 500-mL amber glass bottle by means of an overhead tumbler (Heidolph Instruments, Schwabach, Germany) for 20 h. Both materials (pure chamomile and the mixture of 6 herbs without chamomile) were stored in amber glass bottles at ambient temperature.
For the "herb mixture" group ( Figure 1 ), 10 different positive and 10 different negative mixtures were produced. To achieve 10 different mixtures with 6 individual herbs (excluding the chamomile), each mixture could only contain 4 out of the 6 herbs ( Table 1 ). The 10 positive mixtures (Table 1 , numbers 1-10) contained chamomile and varying combinations of 4 out of the other 6 herbs. Accordingly, the 10 negative target odor free mixtures were composed of different combinations 4 out of 6 herbs excluding chamomile (Table 1, numbers 11-20) . For all 20 samples, 5 g of each respective herb were mixed and homogenized in a 250-mL amber glass bottle for 20 h as described previously.
Odor samples for dog training and testing
A total of 80 aliquots (100 mg) of each reference material were filled into tea bags (H&S Tee-Gesellschaft mbH Goldmännchen, St. Gangloff, Germany). Each filled tea bag was individually wrapped in 2 polypropylene fleeces (Asota GmbH, Linz, Austria) and placed in glass tubes (Figure 2) as described elsewhere (Ehmann et al. 2012; Schallschmidt et al. 2015) . For training and testing, the cap of the respective glass tube was removed and the tube was inserted with the open end pointing upwards through the bottom into a cone-shaped sample holder (polyethylene PE-UHMW, height 180 mm, bottom ∅ 150 mm, top outer ∅ 50 mm, top inner ∅ 35 mm covered by a removable polyethylene plate with 37 holes with ∅ 4 mm; patent DE 10 2013 109 901.7). These cones were highly steadfast, shock-and scratch-proof, impact-resistant, and insensitive to cleaning and heating. The samples inside the cones were indistinguishable for the dogs and the dog handlers and therefore allowed a double-blind study.
Dog training
All training sessions were performed at the dog training and testing lab, Freie Universität Berlin.
Five privately owned dogs took part in the study (Table 2) . Selection was by convenience. Inclusion criteria were: dogs had to be clinically healthy, regularly available for training, and familiar with training and testing of odor discrimination procedures. All dogs were pre-tested using rose hip against black tea (Teekanne GmbH, Düssedorf, Germany) and showed at least 80% correct indications (Johnen et al. 2013 ). Dogs were randomly allocated into 2 groups and submitted to 1 of the 2 training approaches (Table 2) . According to European legislation (Dir. 2010/63/EU), no animal was exposed to any harm throughout this study. During the study, the dogs lived in their familiar home. The trainers had contributed to earlier odor detection studies with dogs (Johnen et al. 2013; Fischer-Tenhagen et al. 2013; Schallschmidt et al. 2015) . Training was conducted between November 2014 and April 2015. Numbers of training days and trials (trail: decision on a presented odor sample) for each dog are summarized in Table 2 .
Training methods were based on positive reinforcement using a clicker as a secondary reinforcement and small food treats as reward. Every dog was rewarded with its favorite food. In case of a wrong indication, a reward was not given and the dog had to pause for at least 1 min before repeating the trial. All dogs were familiar with the sound of the clicker as a predictor for food. The progress in the training protocol depended on an 80% correct indications for each training step. In brief, the training approaches included following steps:
Training "single herb" group In the first step, a cone ( Figure 2 ) that with a sample with pure chamomile as target odor was presented to the dog, and the dog was immediately rewarded for sniffing the holder. The cone was standing on the floor approximately 1 m away from the dog. Then, the dog was trained to indicate the cone by standing still and pointing or sitting next to it. In the second step, a second empty cone was introduced, placed approximately 50 cm apart from the first cone and the dog had to identify and indicate the cone with the chamomile. In the third step, the second cone was loaded with a negative sample. Thus, the dog had to make a 1-out-of-2 decision. After the dogs had performed with 80% correct indications, training was conducted in a double-blind manner. The dog handlers were not aware of the position of the target sample and the experimenter was in a cubicle separated from the test room by a non-transparent curtain. In training step 4, dogs were trained to make a yes (i.e. target odor present) or no (i.e. target odor not present) decision when only one cone was presented. If the target odor was present, the dogs were trained to remain at the cone for indication.
If the target odor was not present, the dogs had to return to the handler. Indications were rewarded in both cases if they were correct.
Training procedures for "herb mixture" group were identical as in "single herb" group except that the target odor was the common odor component (chamomile) in multiple odor mixtures (Table 1 , numbers 1-10 and 11-20).
The perforated plate on top of the cone was removed after every trial and exchanged with a new one and cleaned in an ultrasonic bath for 90 s. The cones were wiped with a wet cloth, to minimize the risk scent contamination. Training samples were used multiple times and stored refrigerated at 8 °C in between training days.
Dog testing
Three tests were performed (Figure 1) .
In test 1, the performance of dogs was tested with the samples used during training in a double blind, randomized setup with an experimenter present. The procedure was identical during test 2 except for freshly prepared samples of the same compositions (Table 1) . This test was conducted to test if dogs had only memorized individual samples from the training or had learned to identify and indicate the target odor. Test 3 was performed to test the ability of the trained dogs to transfer the trained target to an unknown situation. The dogs of "single herb" group were tested with samples from "herb mixture" group and vice versa. A randomized testing plan was generated before the beginning of the tests with equal numbers of target odor samples and target odor free samples. Each test included 100 trials for each individual dog. For a single trial, the experimenter loaded a cone with a sample according to the randomized testing plan. The dog had to walk to the cone and assess the sample in the cone and indicate the presence or absence of the target odor. The dog handler announced this decision to the experimenter who was staying in the cubicle. The experimenter provided feedback to the dog handler and the dog was rewarded in case of a correct indication. In case of a wrong indication, the dog was not rewarded. Then the next cone was presented. Between 20 and 60 trials were performed on one testing day depending on working condition of the dog on this day.
Statistics
The effect of group on the number of training trials required to meet the criterion of 80% correct indications was tested with a t-test. The binary test set-up with the random presentation of one positive (target odor present) or negative (target odor absent) sample at a time led to the identification of any sample either as true positive, true negative, false positive, or false negative. Sensitivity (proportion of positive samples correctly identified) and specificity (proportion of negative samples correctly identified) including their 95% confidence intervals based on binomial distributions were calculated for each dog. Correct indications among all indications were likewise calculated. The ratio of correct indication for each dog and each test was compared with the respective ratio expected in case of random identification by means of a contingency table. An association between dogs, training groups, and tests on the results were separately tested with the Pearson's chi square test. Logistic regression was used to test the influence of dog test result. The significance level was set to P < 0.05.
Results
All dogs included in the study finished the training process and took part in the testing procedure. The dogs were trained to a criterion of 80% correct indications. The average numbers of training trials per dog in "single herb" and "herb mixture" groups were 455 and 621, respectively. Both dogs of "herb mixture" group needed more training trials to finish the training process than the 3 dogs in "single herb" group (t-test, df = 2,5; P < 0.05). There was no overlap in number in training trials required between groups (Table 2) . Testing was performed on 17 days from 30 January to 20 May 2015. Results are summarized in Table 3 . The dogs performed a minimum of 73, 68, or 61 correct indications in tests 1, 2 or 3, respectively. Sensitivities and specificities including the 95% confidence intervals are plotted for each dog and each test in Figure 3 . Considering all dogs and both training approaches the sensitivities ranged between 64 and 83% in test 1, between 56 and 80% in test 2, and between 53 and 81% in test 3. The specificities ranged between 79 and 88% (test 1), between 76 and 85% (test 2), and between 60 and 96% (test 3).
There was no difference in the performance between the individual dogs. The ratio of correct indications/indications of the dogs in test 1 did not differ from test 2 (χ 2 test, df = 1, P = 0.39). The ratio of correct indications/indications of dogs in test 2, however, was significantly better compared to test 3 (χ 2 test, df = 1, P = 0.03). The training approach had no significant effect on the number of correct indications in tests 1 and 2 (χ 2 test, df = 1, P = 0.26). In test 3, dogs of "herb mixture" group had more correct indication than those in "single herb" group (χ 2 test, df = 1; P < 0.001).
Discussion
In both training groups, the dogs learned to identify and indicate the target odor. The dogs in "herb mixture" group needed more training trials to reach the 80% criterion than the dogs in "single herb" group. This is in line with the assumption that the discrimination task for "herb mixture" group was more challenging than for "single herb" group. The time needed for training sniffer dogs is reported only in few studies (Johnen et al. 2013 ) and varies from 2 to 3 weeks (FischerTenhagen et al. 2011 ) to several months (McCulloch et al. 2006) . The qualification of the dog trainer may influence the time needed to reach the training goal. Unfortunately, there is hardly any evidence on that. In our study, the 2 trainers trained dogs of both groups. Required training times may increase with the complexity of the discrimination task. However, to our knowledge there is no study investigating this potential relationship. The 2 discrimination tasks created in this study differed in complexity. A similar experimental set-up could be useful to gain information how challenging a sniffer task can be for dogs or to test learning ability as a selection criterion for potential sniffer dogs. Not surprisingly, dogs could be trained to detect a single target odor ("single herb" group) and discriminate it against various odor mixtures. This is the underlying approach utilized when dogs are trained for detection of drugs or explosives (Furton et al. 2001; Fjellanger et al. 2002; Williams and Johnston 2002) .
In "herb mixture" group, the dogs successfully identified the target odor chamomile as a common denominator in a set of samples. Our study design was similar to several studies in human medicine using sniffer dogs in which dogs were used to identify a specific odor in samples of a group of patients suffering from a certain condition. With this controlled and reproducible design, we could demonstrate that dogs are able to pick up a common odor in a mixture of odors. Targets for detection dogs often consist of multiple chemical components (Lorenzo et al. 2003) . Harper et al. (2005) tried to identify chemicals displaying a dominant odor that would serve as odor signature for explosive detection dogs. In that study, 50% of the dogs alerted on isolated 1,3-and 2,4-dinitrobenzene. He concluded that dogs use a single dominant chemical for identification of each specific explosive. Waggoner et al. (1997) showed that drug dogs alerted on methyl benzoate which is a common byproduct of cocaine. Methyl benzoate was found to be essential for the dogs to alert methylenedioxy-N-methylamphetamine (Ecstasy) (Lorenzo et al. 2003) .
In our study, we found that dogs that have been trained on a single target odor seem to face a challenge to identify this target odor in mixtures of various odors. It would be interesting to test if this is true for sniffer dogs for drugs or explosives if they are trained with isolated chemicals. In a study, however, in which dogs were trained to alert on potassium chlorate, only 6 out of 16 dogs achieved more than 75% correct indications when challenged to identify potassium chlorate mixed with other components (Lazarowski and Dorman 2014) .
The number of training samples needed for successful training of a given target odor is unknown and probably target specific. The number of adequate samples is often a limiting factor particularly in studies on specific medical conditions such as cancer. In our study, the dogs were trained with 10 different mixtures containing the target odor. We speculate that training success depends on the complexity of the target odor. Chamomile seems to be readily detectable for the dogs, as they could identify it with only 10 training samples differing in composition. In this group, however, dogs needed more time for training but 10 different samples were sufficient to identify the target odor. Training time and number of different training samples may be important determinants of training success. In further studies, the effect of varying number of samples should be determined.
The training samples were used repeatedly in the training process which is a limitation of the training approach. To test if dogs only memorized the individual training samples instead of the target odor test 2 was performed. As a criterion for a sound testing approach minimizing confounding, it has been recommended to deploy only samples that are new to the dogs and have not been used previously (Johnen et al. 2013) . With this study, we could demonstrate that dogs could discriminate the target odor with the same accuracy in repeatedly utilized samples (test 1) and fresh samples of the same composition (test 2). This finding provides evidence that the dogs in this study did not memorize individual samples.
Sensitivity and specificity in tests 1 to 3 in our study were 72 and 84%, respectively. This is similar to a previous report on the performance of dogs with detection tasks with sensitivities ranging from 75 to 100% and specificities ranging from 82 to 100% (Moser and McCulloch 2010) . Although we expected the discrimination task to be easy (even we could smell the chamomile) for the dogs, sensitivities and specificities were low compared to some studies with sniffer dogs (Melanoma: Pickel et al. 2004; Explosives: Gazit et al. 2003; Breast cancer: McCulloch et al. 2006 ). There are many potential reasons for this discrepancy including dogs, training method, number of training samples, quality of distraction, and odor type. Another factor that needs to be considered is the type of testing. In our tests, a single cone for every trial was presented and the dogs had to indicate the content with a yes or no decision. The overall prevalence of the target odor was 50%, i.e. half of the cones presented successively contained the target odor. This approach was chosen to ensure that every sample tested had the same probability for holding the target odor. This is in contrast to a classical line up with one positive among several negative samples. Depending on the position of the positive sample in a line up, the probability for the following sample to be positive or negative differs which may also influence test characteristics (Johnen et al. 2013) . Furthermore, we speculate that dogs in a line up compare samples to find the positive. This is not possible in the yes/no set up.
Dogs from "herb mixture" group were able to identify the target odor in a new context (test 3). These results support the assumption that dogs can identify a distinct odor as a target odor when presented as a common odor in a mixture of odors. Thus, implementing dogs in studies to identify odors of substances that are associated with physiological or pathological conditions such as, cancer or pathogens can bring important results.
In our study, dogs were always rewarded for a correct indication (i.e. positive and negative). It may be discussed that the dogs in our study learned the odor mixture during the test. The results of test 3, however, do not support this assumption. None of the dogs showed a difference in performance between the first and the last 10 trials of test 3 (P = 0.98).
Dogs trained on the herb mixture performed better in test 3 than dogs trained on the single herb. They needed more time to achieve 80% correct indications in the training process.
This can lead to the conclusion that training the herb mixture is a more complex task than training a single herb. But after achieving the training aim, dogs seem to be more capable to identify the target odor in a new context. This is in line with a study of Waggoner et al. (1997) that found dogs trained on a target substance displayed deterioration of their detection performance if extraneous odors were present. As described in a recent systematic review, the number of dogs in studies on scent detection is limited on average to 4 or 5 dogs (Johnen et al. 2013) . This is also the case in our study in which 5 dogs were trained and tested. The results of such studies should always be interpreted with caution. With only few dogs, the individual dog will have a large influence on study results. Further research is required to confirm the results with a larger number of dogs.
Conclusion
The experimental set-up designed in this study with a distinct odor and mixtures of odors derived from herbs is useful to evaluate training approaches for 2 discrimination tasks of sniffer dogs. It was demonstrated that dogs can identify a target odor as a common denominator in a mixture of odors. Further research is warranted to demonstrate that this experimental set-up can be utilized for other substances or chemicals as well. In this study, dogs trained with herb mixture performed better in identifying the target odor in a new context. We conclude a more complex training approach which promotes the ability of dogs to identify a target odor in a new context.
